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Abstract. We report the association of the recently discovered hard X-ray source IGR J17475— 2822 with the 
giant molecular cloud Sgr B2 in the Galactic Center region. The broad band (3-200 keV) spectrum of the source 
constructed from data of different observatories strongly supports the idea that the X-ray emission of Sgr B2 
is Compton scattered and reprocessed radiation emitted in the past by the Sgr A* source. We conclude that 
300-400 years ago Sgr A* was a low luminosity (L ~ 1.5 x 10 39 ergs -1 at 2-200 keV) AGN with a characteristic 
hard X-ray spectrum (photon index T ~ 1.8). We estimate the mass and iron abundance of the Sgr B2 scattering 
gas at 2 x 10 6 Mq (r/10 pc) 2 and 1.9 solar, respectively (where r is the radius of the cloud). 
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1. Introduction 

Our Galactic Center (GC) h arbors a black hole (B H) with 
a mass of 3 x 1O 6 M (e.g. ISchodel et aT1l2003[) . It has 
remained puzzling why the source Sgr A* associated with 
| the BH is faint despite the presence of significant amounts 
of ambient gas capab le of fuelling it l|Melia fc Falckel200ll 
iBaganoff etal1l2003|) . 

Among many complex structures near the GC, 
X-ray tele scopes have detected 8-20 k eV con- 
tinuum l|Sunyaev 1 Markevitch fc Pavlinskvl [l993; 

iMarkevitch. Sunvaev fc Pavlinskylll993l) and 6.4 keV line 
diffuse emission llKovama et alJ Il996t iMurakami et al 
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2001) associated with giant molecular clouds, in particular 
Sgr B2 located at a projected distance of ~100pc from 
Sgr A*. That was suggested to be radiation emitted in the 
past by Sgr A*, Compton scattered and reprocessed by 
t he cloud neutral gas and delayed by the li ght travel time 
llSunyaev. Markevitch fc Pavlinskvl 1 19931: iKovama et alJ 
Il996h . 

The scattered emission is strongly photoabsorbed 
within the Sgr B2 cloud at energies below 5-10 keV. 
However, since the efficiency of photoabsorption rapidly 
declines with energy, one could expect Sgr B2 to be a 
strong X-ray source at energies above ^15keV. We show 
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below that such a hard X-ray source has now been ob- 
served with the INTEGRAL observatory. 

2. Observations and results 

The INTEGRAL satellite l|Winkler et alJl2003|) expands 
the frontiers of X-ray and gamma-ray imaging. The 
several-fold increased effective area of the telescope IBIS 
IjUbertini et alJ l2003j) compared to the previous space- 
borne hard X-ray imager GRANAT/SIGMA, opens up a 
possibility to study hard X-ray sources located in crowded 
regions of the sky, at flux levels (above 20 keV) down to 1 
mCrab (|Revnivtsev et al .112004a]) . 

During the period 2003-2004 INTEGRAL extensively 
observed the central 2 0° x 20° area of the Galaxy 
llRevnivtsev et al.ll2004aj) . Figure shows a hard X-ray 
image of the innermost 3.5° x 2.5° region obtained from 
observations with a total effective exposure of 2.3 Ms. 
Thanks to the good angular resolution (12') of IBIS, prac- 
tically all bright sources in this area are resolved, most of 
them being known low-mass X-ray bi naries. The newly 
discov ered source IGR J17475-2822 l|Revnivtsev et al J 
2004a) is coincident with the Sgr B2 molecular cloud. 
Since the X-ray flux below lOkeV collected from the IBIS 
PSF centered on IGR J17475-2822 i s completely dom- 
inat ed by diffuse emis sion of Sgr B 2 (|Sidoli et alJl200lt 
IMurakami. Kovama fc Maedall200l|) . we can safely asso- 
ciate IGR J17475-2822 with this diffuse component. The 
observed flux in the 20-200 keV band is 2.5±0.1 mCrab, or 
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~7x 10 -11 ergs -1 , which corresponds to a luminosity of 
6 x 10 35 erg s _1 at a distance of 8.5 kpc. To our knowledge, 
this is the first ever detection of X-ray emission above 
20 keV from any molecular cloud. 

We constructed a broad band spectrum of the source 
(Fig. EJl by combining data of GRANAT, ASCA and 
INTEGRAL. The ASCA/GIS spectrum was collected 
from a 6.5'-radius region centered on IGR J17475— 2822 
using data of observations carried out in 1993-1994. The 
GRANAT/ART-P spect ral point was obtained from ob- 
serva tions in 1991-1993 ijPavlinskv. Grebenev fc Sunvaevl 
Note that the different effective beam sizes of 
the instruments (-5' for GRANAT/ART-P and -12' for 
INTEGRAL/IBIS) can affect the obtained spectrum. This 
effect should however be small given the limited size (3-5') 
of the Sgr B2 cloud in X-rays. 

3. Discussion 

3.1. X-ray reflection nebula model 

The 2-10 keV flux from Sgr B2 is dominated by diffuse 
emission in a line at 6.4 ke V superposed on str ongly ab- 
sorbed continuum emission i Kovama et al.lfl9 96?). A num- 
ber of smaller molecular clouds in the GC region also ex- 
hibit powerful 6.4 keV line emission, although with low 
absolute fluxes compared to Sgr B2 ijBamba et al 1 l2002t 
IPredehl et alll2003t IPark et aljl2004h . Common for all of 
these sources is the huge (1-2 keV) equivalent width of the 
6.4 keV line. 

According to an early prediction 

l|Sunvaev. Markevitch fc Pavlinskvl Il993h . X -ray ac- 
tivity of Sgr A* in the recent past should lead just to 
such observational consequences, i.e. to the appearance of 
scattered X-ray radiation, strongly photoabsorbed at low 
energies, and of a powerful fluorescent iron K Q line. The 
X-ray echo from Sgr B2 should be delayed by 300-400 
years relative to the direct signal from Sgr A* due to the 
light travel time from Sgr A* to Sgr B2. The equivalent 
width of the K Q line is so large because we do not see 
the primary source itself. The fact that INTEGRAL sees 
X-ray emission above 20keV from the zone of 6.4 keV 
emission in Sgr B2 (see Figure ^) provides strong support 
to this scenario. Unfortunately, the angular resolution of 
IBIS is not sufficient to study the diffuse emission of the 
other GC molecular clouds due to the presence of a large 
number of strong point sources. 

Our spectral analysis further supports the Sgr A* 
scenario. As shown in Fig. [3 the spectral energy dis- 
tribution of Sgr B2 measured with INTEGRAL at 20- 
200 keV matches the 3-20 keV spectrum measured with 
ASCA and GRANAT/ART-P. The combined spectrum 
at 3-200 keV can be well fit by a model in which X-rays 
from Sgr A* are scattered and reprocessed in a homoge- 
neous spherical cloud of cold gas. Scattering of the hard 
X-ray s occurs on the neutral mol ecular hydrogen and he- 
lium l(Sunvaev fc Churazovlll996h while the abundance of 
iron determines the intensity of the fluorescent K a line. 




Fig. 1. Upper panel: 3.5° x 2.5° hard X-ray (18-60 keV) 
image of the GC region obtained with INTEGRAL/IBIS. 
Contours denote levels of the signal to noise ratio, which 
start from S/N=5.0 and increase with a multiplicative fac- 
tor of 1.4. Detected known X -ray sources are indicated 
(see iRevnivtsev et alJ l2004al for details) . Lower panel: 
The same IBIS color image, with overplotted contours of 
brightness distribution in the 6.4 keV line as measured by 
ASCA/GIS. Largest molecular clouds are indicated and 
the position of the Sgr A* source is marked with a cross. 



The spectrum emerging from Sgr B2 depends on sev- 
eral parameters: the slope (L) of the incident spectrum 
(assumed to be a power law), the cloud radial optical 
depth to Thomson scattering [tt = <TT(2nH 2 ) r j where 71h 2 
is the number density of hydrogen molecules and r is the 
cloud radius], the iron abundance relative to solar (A), the 
scattering angle (9) for photons travelling from Sgr A* to 
Sgr B2 and then to us, and the ISM column density to- 
ward Sgr B2 (Nil). Using Monte Carlo simulations of the 
radiative transfer in the gas cloud, we find the following 
best-fit values: r = 1.8 ± 0.2, r = 0.4 ± 0.1, A = 1.9 ± 0.2, 
9 = 80° ± 10°, and N H = (8 ± 2) x 10 22 cm~ 2 (given are 
1<7 statistical errors). The uncertainties associated with 
the gas density distribution in Sgr B2 and with the cross- 
calibration of the instruments can lead to additional ^30% 
systematic uncertainties on the values of r and 9, while 
our estimates of the iron abundance and spectral slope are 
more robust. The best-fit model is shown in Fig. [3 



Revnivtsev et al.: Hard X-ray view of past activity of Sgr A* in a natural Compton mirror 



3 



0.1 



> 



> 

X 

o 
Xt 



10" 



10" 




io- 



Energy, keV 

Fig. 2. Broad band X-ray spectrum of the source 
IGR J 17475 -2822 associated with the Sgr B2 cloud. Data 
of ASCA/GIS (3-10 keV), GRANAT/ART-P (10-20 keV) 
and INTEGRAL/IBIS (20-400 keV) are presented, la er- 
ror bars and 2a upper limits are shown. The dashed line 
is the best-fit model (see main text) convolved with the 
resolution of ASCA/GIS (a « 230 eV). 



Based on the measured optical depth we can es- 
timate the mass of the scattering gas in Sgr B2 as 
M Ha = (47r/3)m p (2n H2 )r 3 = (4ir/3)(m p /a T )T T r 2 « 2 x 
10 6 M Q (r/10pc) 2 . 

In the above model the high-energy rollover tentatively 
seen in the INTEGRAL spectrum is explained by the 
Compton recoil of hard X-ray photons in the cloud and is 
very sensitive to 8. Allowing for the possibility of an in- 
trinsic cutoff in the illuminating spectrum, we are able to 
place an upper limit of 9 < 135° on the mutual position 
of Sgr A* and the Sgr B2 cloud. 

Using the measured X-ray flux from Sgr B2 and best- 
fit spectral parameters, we find that the luminosity of 
Sgr A* in the 2-10 keV and 2-200 keV band was 0.5 
and 1.5xl0 39 ergs -1 (r/10pc)~ 2 (d/100pc) 2 , respectively, 
where d is the distance between Sgr A* and Sgr B2. 



3.2. Alternative scenarios 

Alternative explainations of the X-ray emission of Sgr B2 
meet severe difficulties. Instead of attributing the primary 
emission to Sgr A* one could hypothesize that a transient 
source inside the Sgr B2 cloud was irradiating the molec- 
ular gas. The large equivalent width of the 6.4 keV line 
implies that we are seeing pure reprocessed emission but 
not the primary source. The source therefore should have 
faded away before the ASCA observations of 1993, i.e. 
more than 10 years ago. Since the light crossing time of 




1993 1994 1995 1996 1997 1998 1999 2000 2001 
Year 

Fig. 3. Summary of flux measurements in the 6.4 keV line 
from the Sgr B2 cloud, la uncertainties are indicated. See 
text for details. 



the Sgr B2 cloud is ~ 30 years, one would expect to see a 
decline o f the 6.4 keV line flux by a factor of 2 from 1993 
till now l(Sunvaev fc Churaz ovl ll998j) . 

Using archival data of ASCA, BeppoSAX, Chandra 
and XMM observatories we find no significant variabil- 
ity of the line flux during the period 1993-2001 (see 
Figure^ in contradiction with the internal source hypoth- 
esis. For each X-ray telescope, we extracted the 6.4 keV 
line flux from the same 3' radius circular region cen- 
tered at the peak (R.A.=266.830126, Dec.=-28.386593) 
of the Chandra image in the 6.4 keV line. The background 
emission (instrumental plus diffuse sky background unre- 
lated to Sgr B2) was similarly estimated for all the in- 
struments in a 3'-radius region around R.A=266. 874812, 
Dec. =—28.501369. The data were reduced using standard 
utilities recommended by the Guest Observer Facilities. 

INTEGRAL observations similarly indicate that the 
continuum 18-60 keV flux was constant within 25% dur- 
ing 2003-2004. For the Sgr A* model, the constancy 
of the line flux merely means that the luminosity of 
Sgr A* remained approximately constant for more than 
10 years a few hundred years ago, while the fact that 
other molecular clouds in the GC region also shine in 
the 6.4 keV line indicates that the entire period of ac- 
tivity lasted much longer than 10 years. The possi- 
bility that the GC molecular clouds have been irradi- 
ated by external transient s ources such as X-ray bina- 
ries has been ruled out before ( Sunvacv fc Churazovll99Sl 
iMurakami. Kovama fc Maedall200l[) . 

The diffuse emission from the Sgr B2 cloud being a 
superposition of a large number of weak point sources in- 
side the cloud is very unlikely. First of all, the cumula- 
tive emission of X-ray sources (mostly young, low mass 
stars) in nearby, well-studied molecul ar clouds such as 
Orion and p Oph is substantially softer l(Revnivtsev et all 
l2004bh than that of Sgr B2 and does not exhibit a 
strong intrinsic 6.4 keV emission line ijFeigelson et alJ 
120021: llmanishi. Kovama fc Tsuboil l200l|) . The observed 
huge equivalent width of the 6.4 keV line cannot then be 
explained by reprocessing of the point sources' emission by 
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the molecular gas. An even stronger constraint comes from 
the fact that several GC molecular clouds with hydro- 
gen column densitie s ranging between 10 23 and 10 24 cm~ 2 
i Bamba et aHl2002t IPark et alJl2004h all exhibit a simi- 
lar equivalent width of the 6.4 keV line. We briefly note 
that for reflecting clouds with a small optical dept h, the 
absorption edge above 7.1keV ijPredehl et al.ll200^) need 
not be strong even if the 6.4 keV line equivalent width is 
large. 

The bombardment of molecular ga s by low energy cos- 
mic ray electrons was put forwa rd ((Valinia et alJ 12000: 
lYusef-Zadeh. Law fc Wardlell2002j) to explain the 6.4 keV 
emission. The electrons produce inner-shell ionizations of 
iron atoms, leading to 6.4 keV line emission, and simulta- 
neously generate bremsstrahlung radiation. In this model, 
the lack of a strong cutoff below 200 keV in the spectrum 
of Sgr B2 implies that electrons with energies higher than 
a few hundred keV should be present, while the slope 
of the observed spectrum (T w 2) constrains the distri- 
bution of electrons in energy. Given these observational 
constraints, we can estimate in the thick target approxi- 
mation that only (1-3) xl0~ 5 of the cosmic ray electrons' 
energy can go into hard X-ray radiation around 50keV. 
Thus, to produce the observed luminosity at 50keV of 
~ 3 x 10 35 ergs _1 at least (l-3)xl0 40 ergs _1 of energy in 
cosmic ray electrons ought to be dumped into the cloud. 
This power is comparable to the bolometric (m ostly in- 
frared) luminosity of Sgr B2 l|Gordon et al.lll993[) which 
is thought to be mostly due to hot stars. Since Sgr B2 
with its dust is an almost perfect calorimeter, no room is 
left for additional energy in nonthermal, low energy cos- 
mic ray protons. Furthemore, the equivalent width of the 
6.4 keV line (with respect to the bremsstrahlung contin- 
uum) is predicted to be 250-350 eV for solar abundance 
of iron. Therefore, the observed ~2 keV equivalent width 
requires a factor of 5-6 overabundance of iron in Sgr B2. 

Production of a 6.4 keV li ne by cosm ic ray 
ions rather than electrons llDogiel et alJ ^998; 
iTatischeff. Ramatv fc Kozlovskvl Il998j) requires simi- 
lar high energetics and strong overabundance of iron. 
In addition, heavy ions (e.g. oxygen) should produce 
multiple ionizations of iron atoms leading to a blue shift of 
the 6.4 keV line, which is not observed. Charge exchange 
reactions of nonthermal iron ions with the ambient H2 
and He should produce a broad hump at ~6.7keV, which 
is not observed in Sgr B2 either. The cosmic rays model 
thus encounters very serious problems. 



(LLAGN) rather than to more powerful Seyfert gala xies. 
LLAG N emit most of their energy in the near infrared ijHol 
Il999|) and we can estimate that the bolometric luminosity 
of Sgr A* was - 10 40 ergs" 1 . This is still only - 3 x 10~ 5 
of the critical Eddington luminosity of the central BH. 
Thanks to INTEGRAL, we now know that Sgr A* had a 
power-law spectrum with a photon index of — 1.8, without 
a significant cutoff up to 100 keV. This spectrum is re- 
markably similar to the few directly measure d hard X-ary 
spectra of LLAGN [(Pellegrini et alJl2000albh . 

It is actually not surprising that our GC was so ac- 
tive in the recent past, as AGN with luminosities higher 
than 10 38 ergs _1 (2-10 keV) are found in -50% of galax- 
ies morphologically similar (of type Sb) to the M ilky Way 
l|Ho. Filippenko fc Sargentll997UHo et alJl200l|h There is 
a significant probability that Sgr A* will become bright 
again in the foreseeable future. That would provide the 
much needed information about the duty cycle of activity 
in galactic nuclei. 

Future instruments will be able to further test the 
Sgr A* irradiation model. In particular ASTRO-E2 will 
probe the Compton shoulder with a peculiar spectrum 
on the low-energy side of the 6.4 keV line, caused by 
down-scattering of the line photo ns on the molecular 
hydro gen and helium atoms |g unyaev fc Churazo yl 

Il22i 
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Sunvaev. Uskov fc Churazovl 1999|h The relative strength 



of the shoulder should be proportional to the optical 
depth of individual molecular clouds. In addition, the 
Compton scattered X-ray continuum should be more 
than 50% polarized in contrast to the fluorescent line 
l|Churazov. Sunvaev fc Sazonovll20o"2|) . and future X-ray 
polarimeters will be able to determine the scattering 
angle and hence the location of Sgr B2 on the line of 
sight. Polarization mapping of the GC molecular clouds 
would yield a full 3D geometry of the region. 
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4. Conclusion 

We thus come to the conclusion that the Sgr B2 cloud is 
sending us an X-ray echo of violent activity of the GC 
supermassive BH some 300 years ago, which lasted at 
least 10 years. The luminosity of Sgr A* at that time was 
R^xlO^ergs" 1 in the 2-10 keV band, i.e. a few xlO 5 
times higher than it is now l)Baganoff et al.ll2003|) . The 
2-200 keV luminosity was «1.5xl0 39 ergs _1 . Sgr A* was 
therefore similar to low luminosity active galactic nuclei 
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